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Chapter 1 


Introduction and Development of 
Astronomy 


1.1 Introduction 


According to the anthropological and historical evidence, for the past 1.5 to 2 lakh years 
human societies existed on Earth. In what way human beings are different from other 
animals? We are not the strongest, we are not the tallest or we are not the fastest. Now 
the first and most fundamental way in which we human beings differ from other animals 
is that we form continuing societies with a material culture adding new scope to the 
capabilities of our naked bodies. That in another way can be stated as we human beings 
collectively and conciously enter into the production process. 
For most of history, human beings lived like other animals, 
bothered mostly about survival. But some 12000 years ago we 
invented agriculture. The invention of agriculture was a giant 
leap in human history. For the first time in history, humankind 
had a surplus of food. Now instead of migrating to unknown 
lands in search of food and shelter, they could settle in a place 
and engage in leisure and other activities. But the agricultural 
settlements required new pieces of knowledge, especially about 
the seasons. Most of the early settlements were on riverbanks. So 
it was especially important to have prior knowledge of the rainy 
season. Observing the sun might have given the early people 
an idea about daily cycles, but there were no such easy ways 
to understand the seasons. But the observation of vaxing and 
waning moon have given them another periodic cycle of time. 
This cycle repeats every 29.5 days. Now this periodicity of the moon gave the early 
societies a new time scale called month.Many of the earlier calendars were based on 
twelve lunar cycles, but obviously 12x29.5 =354 days only and the lunar based years were 
11 days less than an actual year, and they failed to represent the yearly periodicity. That 
means even the knowledge of lunar periodicity was not enough to predict the seasons. But 
naturally, they must have observed the repetition of seasons. Now gradually the relation 
between stars and the periodicity of seasons came to the observation of them. When 
we observe the night sky, different clusters of stars seem like familiar patterns for the 
observers. For example, the Europeans imagined a ‘great bear’ in a cluster of stars and 
the Indians saw ‘seven monks’ (saptharshis) in the same cluster. These constellations of 
stars repeat in the same position in the night sky periodically and the early civilizations 


observed a connection between the periodicity of seasons and these constellations. These 
observations later led to the concept of years and calendars. 

The human species originated in the North-Eastern part of Africa. Even though there 
were many other Hominin Species also existed along with us, we are the only Hominin 
Species that survives today. The story of Human survival is closely associated with our 
migration out of Africa in search of better habitats and living conditions. We began our 
journey from Africa between 100000 to 70000 years ago to Europe and Asia and later to 
other parts of the world. Thorough knowledge of directions is crucial for any migration. 
Stars played an important role in guiding our ancestors in their migratory endeavors. 
For Example, a star named ‘Polaris’ lies nearly in a direct line with the Earth’s axis 
”above” the north pole and stands almost motionless in the sky, and all the stars of the 
northern sky appear to rotate around it. Therefore, it makes an excellent fixed point to 
give direction for navigation. 

As the moon moves around the Earth in the night sky, each successive night moon 
occupies a small group of stars each separated by 13°. Thus when the moon makes a 
complete cycle in 27 — 28 days each of these star groups was called Manzil in Arabic, 
Nakshathra in Indian systems, and hsiu in Chinese. So the lunar period was the oldest 
calendar unit, but as discussed earlier it was short of 11 days compared to the full revolu- 
tion of Earth around the sun. The Stars offered a better alternative. A close observation 
reveals that the position of stars at the same night hours changes with seasons. The stars 
appearing on the horizon just before sunrise or sunset also change with the seasons. These 
periodicities of stars with respect to seasons paved the way for the concept of the solar 
calendar. If Sun rises with a certain star group in the morning, the name of that star 
group is given to that month and the same continues for a month to be repeated after 11 
months. 

In a clear night sky, we can see 3000 — 3500 stars with the naked eye, almost the same 
number of stars are there on the other side of the sky. So totally we can see almost 7000 
stars with the naked eye. Stars are classified according to their brightness. In the night 
sky, the brightness of stars is classified on different ‘magnitude scales’. Each step on the 
magnitude scale represents a factor of 2.5. For example, a star of magnitude 1 is 2.5 
times brighter than a star of magnitude 2 and 6.25 (2.5x2.5) times brighter than a star 
of magnitude 3, and so on. But the brightness as seen from Earth is apparent brightness 
and it depends on the size and distance to the star from Earth. 

Celestial Sphere: It is an imaginary sphere with an infinite 
radius with the earth at its center and stellar bodies embedded 
on it. The point on the celestial sphere directly overhead for 
an observer is the zenith. An imaginary arc passing through 
the celestial poles and through the zenith is called the observer’s 
meridian. Declination is the celestial equivalent to latitude and 
Right Ascension is equivalent to longitude. Ecliptic is the appar- 
ent path through which the sun orbits the Earth in the celestial 
sphere. 

Amateur astronomy is a branch of astronomy where the par- 
ticipants observe the night sky using telescopes, binoculars, or 
the naked eye. This is one of the oldest hobbies around the world. Since its largely a 
personal hobby, the participants do not need any academic training or professional degree 
in astronomy or related fields. There are many amateur astronomy societies around the 
globe. Observational astronomy is associated with recording data about the observable 
universe. For observing the sky they make use of telescopes and other astronomical in- 


Figure 1.1: A Sumerian Star Chart 


struments. Radio astronomy, Infrared astronomy, optical astronomy, and High-Energy 
astronomy are important branches of observational astronomy. 


1.2 Ancient Astronomy 


1.2.1 Egypt and Mesopotamia 


Arguably the first great civilization was Sumerian Civilization, which was established in 
Mesopotamia in BC 3500. The word Mesopotamia means ” between rivers” in Greek since 
it was located between the Tigris and Euphrates rivers. Sumerians developed one of the 
earliest scripts known as cuneiform and etched their knowledge into clay tablets. Among 
the Sumerian names for the twelve months in use, we find the name for the fourth month 
composed of the characters for seed and hand, that for the eleventh month of characters 
of corn and cutting, and that for the twelfth month of the characters for corn and house. 
Thus indicating the seasons. Sumerian astronomers cataloged many of the stars according 
to their brightness. Sumerians are probably the first to make a calendar. 

Life in Egypt depended entirely on a great river, the Nile, which flowed through an 
immense barren desert, devoid of rain. It had no tributaries and it stretched far farther 
south than the ancient Egyptians ever traveled. It flooded every year, bringing a rich soil 
deposit as well as the water needed for agriculture, making the Nile valley very fertile 
and allowing the early growth of a great civilization. Unlike the other early civilizations, 
the Egyptian “seasons” were not determined by the times of the seasons, but by the Nile 
and, particularly, it’s flooding, which recurs annually and regularly. Egyptians observed 
that the flooding of the Nile occurs with the helical rising of Sirius in the sky. They were 
the first to calculate the length of a year as 365.25 days. The Egyptians divided the day 


into 24 parts, thereby creating the basis for today’s 24 hours. They assigned 12 parts for 
daylight and 12 parts for night. 


1.2.2 The Greeks 


One of the greatest civilizations in human history occurred in a small region of present 
Europe called Greece. In every sphere of knowledge and culture, they made giant leaps. 
There were many major and several seminal developments in every area of scholarship—in 
literature, history, drama, architecture, art, sculpture, politics, philosophy, mathematics, 
and science. The epics of the Iliad and the Odyssey, written by Homer about the siege 
of Troy and the wanderings of Ulysses. The great achievements of ancient Greece were 
to dominate human thought in the West for two millennia and they still influence many 
present-day activities. Even in athletics, we have a major legacy, with one of the greatest 
sporting occasions in the calendar, the Olympic Games, deriving from the first games 
held by the Greeks in Olympus in 776 BC. 

Thales of Miletus (624-547 BC) is considered the first philosopher. In those times 
philosophy was considered as the study of the entire universe and included all aspects of 
the pursuit of knowledge. In order to learn the techniques of astronomical observation, 
Thales traveled to the great centers in Babylon and Egypt where he also learned the 
art of surveying and used this to measure the heights of the pyramids. He introduced 
Geometry and Astronomy to Greece. Thales tried to explain the working of the universe 
without the aid of supernatural power. He postulated that the Earth was floating in the 
water like a disc. Many of the historical records say Thales predicted the solar eclipse of 
584 BC. The famous Greek mathematician Pythagoras is said to have been the first to 
identify the morning star and evening star. Another important figure in Greek astronomy 
is Anaxagoras. He s the first one to say that the moon shines not by its own light but by 
the sunlight it receives. He also explained the mechanism of the solar eclipse. Empedocles 
and Anaxagoras offered arguments for the spherical nature of the Earth. During a lunar 
eclipse, when the Earth is between the sun and the moon, they identified the shadow of 
the Earth on the moon. As the shadow moves across the moon it is round. This would 
suggest that the Earth is a sphere. Eratosthenes estimated Earth’s circumference around 
240 B.C. He measured the shadows cast in Alexandria and Syene to calculate their angle 
relative to the Sun. Aristotle believed that every matter is made of four elements — Earth, 
Water, Fire, and Air. Greeks were the first to identify the difference between stars and 
planets in the night sky. The planets take a different path compared to stars and the 
Greeks called the planets ‘wandering stars’. 

Aristotle claimed that heavenly bodies were perfect and moved at a constant speed in 
a circular motion around the Earth, which was stationary. Each planet moved in its own 
sphere in an elliptical pattern around the Earth and seemed brighter sometimes because 
it drew closer before moving away again. Aristotle insisted on the planets as perfect, 
indestructible, spheres. 

Ptolemy believed in the Aristotelian model of the universe in which heavenly bodies 
were perfect and incorruptible while the Earth was subject to change. In his most famous 
and influential work, the ’Almages’ (“The Greatest” usually given as The Great Treatise), 
he claimed the Earth was the center of the universe while the Sun, Moon, certain stars, 
and five planets revolved around it. The Almagest is filled with tables. In this sense, the 
book is a tool one can use to predict the locations of the stars 
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Figure 1.2: An illustration from al-Biruni’s astronomical works, explains the different 
phases of the moon, with respect to the position of the sun. 


1.2.3. Astronomy in the Islamic World 


Arab World was the center of Scientific and cultural endeavors from the 8th to 15th 
century. 

Nasir Al Din Al Tusi invented a device called Tusi Couple, in which a small circle ro- 
tates inside a larger circle twice the diameter of the smaller circle. Rotations of the circles 
cause a point on the circumference of the smaller circle to oscillate back and forth in linear 
motion along the diameter of the larger circle. Abbasid Caliph Al-Mamun established the 
Academy of House of Wisdom in Baghdad, Which was a center of Astronomical studies 
in those times. One of the greatest scholars of that time was Persian Mathematician 
al-Khwarizmi, who wrote Zij al-Sindhind in the 830s. The book contains tables describ- 
ing the motion of the Sun, the Moon, and the five known planets. The work introduced 
Ptolemaic works to the Arab world. al-Farghani, known in the West as Alfraganus wrote” 
Kitab fi Jawami (Elements of Astronomy on the Celestial Motions)” around 850. This 
textbook provided a largely non-mathematical presentation of Ptolemy’s Almagest, up- 
dated with revised values from previous Islamic astronomers. Al-Farghani gave revised 
values for the obliquity of the ecliptic, the precessional movement of the apogees of the 
Sun and the Moon, and the circumference of the Earth. The work circulated widely 
throughout the Islamic world and was translated into Latin during the 12th century. It 
became the primary resource that European scholars used to study Ptolemaic astronomy. 
Al Sufi recorded most of the stellar constellations in his magnum opus “The Book of the 
fixed stars”. Written Around circa 964 the book has illustrations of almost all known con- 
stellations with detailed descriptions. This book was translated into European languages 
and became a reference title for star-watching. 

Egyptian astronomer Ibn Yunus found fault in Ptolemy’s calculations about the planet’s 
movements and their peculiarity in the late 10th century. Ptolemy calculated that Earth’s 


wobble, otherwise known as precession, varied by 1 degree every 100 years. Ibn Yunus 
contradicted this finding by calculating that it was instead 1 degree every 701/4 years. 
Between 1025 and 1028, Ibn al-Haytham wrote his Al-Shukuk ala Batlamyus (meaning 
”Doubts on Ptolemy”). While maintaining the physical reality of the geocentric model, he 
criticized elements of the Ptolemic models. Many astronomers took up the challenge posed 
in this work, namely to develop alternate models that resolved these difficulties. In 1070, 
Abu Ubayd al-Juzjani published the Tarik al-Aflakwhere he discussed the ” equant” prob- 
lem of the Ptolemic model and proposed a solution. In Al-Andalus, the anonymous work 
al-Istidrak ala Batlamyus (meaning ” Recapitulation regarding Ptolemy” ), included a list 
of objections to Ptolemaic astronomy. al-Biruni was a Persian polymath, who contributed 
much to Astronomy. He discussed the possibility of whether the Earth rotated about its 
own axis and around the Sun but later discarded the theory in favor of a geocentric one. 


Astrolabes The astrolabe was arguably the most important instrument created and 
used for astronomical purposes in the medieval period. Muhammed al Fazari is believed 
to be the inventor of Astrolabes. The largest function of the astrolabe is it serves as a 
portable model of space that can calculate the approximate location of any heavenly body 
found within the solar system at any point in time, provided the latitude of the observer 
is accounted for. In order to adjust for latitude, astrolabes often had a second plate on 
top of the first, which the user could swap out to account for their correct latitude. The 
instruments were used to read the time of the Sun rising and fixed stars. 


1.2.4 Ancient Indian Astronomy 


Indian Astronomy dates back to the age of Rigveda (1700-1100 BC). In Rigvedic times 
a year was divided into 12 months each of 30 days accounting for 360 days. One of 
the first Indian texts on astronomy was ‘Vedanga jyothisha’ of Lagadha, probably writ- 
ten in BC 700. Another work ‘Gargga samhitha’ written in 300 BC makes references 
to yavana(greek) astronomy. The mathematical methods used for astronomical calcu- 
lations are known as ‘Siddhanthas’. The First and foremost Siddhantha Astronomer is 
Aryanhata, who live in the 5th century AD. Aryabhateeyam is his magnum opus. He pro- 
posed that the Earth is rotating on its axis. Varahamihiran wrote ‘Panchasiddhanthika’ 
and ‘Brihad samhitha’. Another important Indian astronomer is Brahmagupthan, whose 
‘Brahmasphudasiddhantha’ contains more than 1000 slokas. Bhaskaran the first, wrote 
an interpretation of Aryabhateeyam. Bhaskaran second wrote ‘sidhantha shiromani’. 


1.3 Astrology 


In ancient times astronomy developed to calculate the time, seasons, and celestial phe- 
nomena like eclipses, etc. But in those days many of the noblemen believed that these 
celestial objects make some harmony with nature and human beings. So they thought 
the future of a person is controlled by the stars, planets, and constellations in the sky at 
the time of his/her birth. Based on this belief they began to calculate the future of men. 
But now we know that these celestial bodies make no impact on the life of individuals. 
But in an exploitative society, people are so concerned about their future and this fear 
of them is exploited by a pseudoscience called astrology. Using medieval methodologies, 
astrologers generated a set of rules to make vague auguries and portents of a person’s 


Figure 1.3: “It’s easier to fool people than to convince them that they have been fooled.” 
— Mark Twain 


future and explain events on Earth. A diagram of the heavens called the horoscope is one 
of the tools of their trade. But the horoscope can no way control the future of anyone. 


Chapter 2 


Earth 


”Look again at that dot. That’s here. That’s home. That’s us. On 
it everyone you love, everyone you know, everyone you ever heard of, every 
human being who ever was, lived out their lives. The aggregate of our joy 
and suffering, thousands of confident religions, ideologies, and economic doc- 
trines, every hunter and forager, every hero and coward, every creator and 
destroyer of civilization, every king and peasant, every young couple in love, 
every mother and father, hopeful child, inventor and explorer, every teacher of 
morals, every corrupt politician, every ”superstar,” every ”supreme leader,” 
every saint and sinner in the history of our species lived there-on a mote of 
dust suspended in a sunbeam. 


The Earth is a very small stage in a vast cosmic arena. Think of the rivers 
of blood spilled by all those generals and emperors so that, in glory and tri- 
umph, they could become the momentary masters of a fraction of a dot. Think 
of the endless cruelties visited by the inhabitants of one corner of this pixel 
on the scarcely distinguishable inhabitants of some other corner, how frequent 
their misunderstandings, how eager they are to kill one another, how fervent 
their hatreds. Our posturings, our imagined self-importance, the delusion that 
we have some privileged position in the Universe, are challenged by this point 
of pale light. Our planet is a lonely speck in the great enveloping cosmic dark. 
In our obscurity, in all this vastness, there is no hint that help will come from 
elsewhere to save us from ourselves. 


The Earth is the only world known so far to harbor life. There is nowhere 
else, at least in the near future, to which our species could migrate. Visit, yes. 
Settle, not yet. Like it or not, for the moment the Earth is where we make our 
stand.It has been said that astronomy is a humbling and character-building 
experience. There is perhaps no better demonstration of the folly of human 
conceits than this distant image of our tiny world. To me, it underscores 
our responsibility to deal more kindly with one another, and to preserve and 
cherish the pale blue dot, the only home we’ve ever known.” 


Carl Sagan 
Pale Blue Dot 
1994 
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2.1 Introduction 


Earth is our home, the only known space in the entire vastness of our universe where life 
can sustain itself. It is the third planet from the Sun. Earth is the fifth largest planet and 
the only planet with liquid water on its surface. The word ‘Earth’ is of German origin 
meaning ‘the ground’.While the may look like a sphere from space, its shape is closer to 
an ellipsoid. The Earth has an average radius of 6,371 km. Earth is approximately 15 
crore km away from the sun and this distance is known as Astronomical Unit. It takes 8 
minutes for light from the sun to reach Earth. 

The Earth has two types of motion, one is motion its axis and the other one is orbital 
motion around the sun. It takes 23.9 hrs to complete a revolution on its axis and is called 
a day. Earth takes 365.25 days to complete a revolution around the sun. We consider 365 
days as one year and the .25 days are added to form a leap year, every four years. 

Moon is the only natural satellite of the Earth. Moon has a radius of 1738 km. Moon 
is the fifth largest satellite in the solar system. Moon is 3,84,800 km away from the Earth. 


2.2 The Five Geographical Zones Of The World 


The earth is divided into five distinct zones based on their climatic conditions, known as 
geographical zones. These zones are the North Frigid Zone, the North Temperate Zone, 
the Tropics, the South Frigid Zone, and the South Temperate Zone. 


2.2.1 Torrid Zone 


Torrid Zone, also known as the tropics, represent the geographical zone closest to the 
equator which lies between the Tropic of Cancer (23°27/north) on the north and Tropic 
of Capricorn on the south(23°27’south). The tropics are an extremely diverse region 
in numerous aspects including demographically, biologically, and ecologically. However, 
one characteristic which defines these different regions is that the Sun passes the zenith 
at least once annually.The Torrid Zone represents the largest geographical zone on the 
Earth. It covers an estimated 40% of the planet’s area.There are many countries such as 
Indonesia, Malaysia, Thailand, Vietnam, Taiwan, Burma, Sri Lanka, Bangladesh, Ghana, 
Madagascar, Chile, Brazil, Argentina, and Mexico etc in this zone. Tropic of cancer passes 
through the indian states of Gujarat, Madhyapradesh, Jharkhand, West Bengal etc, all 
states south of this line are in the Torrid zone. 


2.2.2 The North And South Temperate Zones 


The northern temperate zone is found between the 66.5° North and 23.5° North latitudes 
while the southern temperate zone lies between the 66.5° South and 23.5° South latitudes. 
The zone is characterized by distinct seasonal changes where the four seasons are well 
defined throughout the year, and wide temperature ranges. When combined, the North 
and South temperate zones account for over 50% of the planet’s surface, covering most of 
Europe, North America, and Asia, and part of South America, Africa, and Oceania. 


2.2.3. The North and South Frigid Zones 


The north frigid zone comprises of all regions that lie north of the 66.5 degrees north 
latitude. Among the regions under the geographical zone include Alaska, Greenland, 
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Temperature Zones of Earth 


Northern Russia, Finland, Iceland, Sweden, and the Arctic Ocean. Due to the extreme 
conditions experienced in the Arctic, the zone is largely uninhabited. However, there are 
a few people who are recognized as indigenous residents of the Arctic, and these include 
the Inuit, Yupik, Evenks, Chukchi, Nenets, and Yukaghir.The freezing temperatures and 
limited sunshine prevent the growth of trees in the Arctic and plants rarely grow to over 
six feet tall. 

All regions found between the 66.50° South latitude and the South Pole are classified 
under the South Frigid Zone The southern-most geographical zone is the South Frigid 
Zone. Like the North Frigid Zone, this geographical zone is characterized by freezing 
temperatures and having the midnight sun; a single day when the sun remains visible for 
24 hours. Antarctica represents the bulk of the South Frigid Zone. 


2.3 Latitude and Longitude 


How to locate a position on the Earth uniquly, thats the question we usually face when 
we stude the Earth. Since the surface of the Earth is almost a sphere, or if its represented 
in a two dimensional map we need only two coordinates to specify the points. These 
coordinates are usually called Longitude and Latitude. Latitude is a measurement on a 
globe or map of location north or south of the Equator. Equator, great circle around 
the Earth that is everywhere equidistant from the geographic poles and lies in a plane 
perpendicular to Earth’s axis. Thus Equator is taken as 0° Latitude and both the poles 
as 90° latitudes. 


Longitudes are imaginary line drwan from north pole to south pole. Since its not easy 
to assign a starting point, the line that passes through Greenwitch, England is taken as 
0° longitude.Longitude is a measurement of location east or west of the ‘prime meridian’ 
at Greenwich, the specially designated imaginary north-south line that passes through 
both geographic poles and Greenwich London.Longitude is measured 180° both east and 
west of the prime meridian. The distance per degree of longitude at the Equator is about 
111.32 km and at the poles, 0 km. 
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Figure 2.1: Latitude and Longitude 


2.4 Shape of the Earth 


Our planet Earth is not exactly spherical in shape. The Earth’s equatorial diameter, at 
about 12,756 km, is very slightly larger than the polar diameter, which is about 12,714 km. 
As the Earth spins, the outward force of rotation causes it to bulge slightly at the equator 
and flatten at the poles. The difference is very small — about 45 kms — but strictly 
speaking the Earth’s squashed shape is closer to what is known as an oblate ellipsoid , 
not a sphere. 


2.5 Keplers laws 


Areas Law 


planet 
Rutin Rurax 


The Law of Periods 


First Law (Law of Orbits): All planets move in elliptical orbits, with the sun at one 
focus. 
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Second Law (Law of Areas):A line that connects a planet to the sun sweeps out equal 
areas in equal times. 


Third Law (Law of Periods):The square of the period of any planet is proportional to 
the cube of the semimajor axis of its orbit. 


2.6 Apsis 


Apsis is the is the farthest or nearest point in the orbit of a planetary body from 
its focus body. For orbits about the Sun the apsides are called aphelion (farthest) 
and perihelion (nearest). The Moon’s two apsides are the farthest point,apogee , and 
the nearest point,perigee , of its orbit around the host Earth. The words perihelion 
and aphelion were coined by Kepler.The suffixes -gee,-helion,-astron and -galacticon are 
frequently used in the astronomical literature when referring to the Earth, Sun, stars, and 
the galactic center respectively. 


2.7 Seasons 


Most of us believe that the Earth is closest to Sun in summer and Farthest in Winter. 
But the proximity to Sun is not the deciding factor for different Seasons. Another mis- 
conception is that the Earth orbits the Sun in an elongated ellipse and this causes the 
winter 

The Earth’s axis is not oriented vertically, but is tilted by 23.5 degrees. The north end 
of the axis is always pointed toward the North Star as the Earth revolves around the sun. 
This tilt, combined with its revolution around the Sun, causes seasonal changes. When 
it’s summer in the northern hemisphere, it’s winter in the southern, and vice versa. If the 
axis was not tilted, our year-round climate would almost same and many places would 
not get enough sunlight to sustain life. During our summer(in northern hemisphere) , 
the Northern Hemisphere leans toward the Sun in its revolution, there are more daylight 
hours, and the Sun’s angle is more perpendicular to us than at other times of year. The 
longer days and more concentrated sunlight result in more heating. 

During winter, the Northern Hemisphere leans away from the Sun, there are fewer 
daylight hours, and the Sun hits us at an angle; this makes it appear lower in the sky. In 
equatorial regions, the length of days and the directness of sunlight don’t change as much. 
The further you get from the equator, the more dramatic the seasonal changes.During 
the spring and fall, the Earth leans neither toward nor away from the Sun; daylight and 
nighttime hours are more equal and temperatures are moderate. 

Solstice refers to the two times each year when the Sun’s strongest rays are furthest 
from the equator (north of it during our summer solstice and south during the winter). For 
the northern hemisphere, summer solstice occurs around June 21st; we have the maximum 
number of daylight hours at that time. Winter solstice is around December 21st when we 
have the fewest daylight hours. 

Equinox refers to the two times each year when the Sun’s strongest rays are directly 
hitting the equator. Everywhere on Earth has 12 hours of daylight on the spring and fall 
equinoxes. In the northern hemisphere, spring equinox occurs around March 21st and 
autumnal equinox around September 21st. 
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September 23 
Autumnal Equinox 


June 22 


Summer Solstice 


December 
Winter Solstice 


March 21 
Vernal Equinox 


Figure 2.2: Seasons are created by the tilt of Earth. The picture shows hoe different 
seasons are created. 


2.7.1 Midnight Sun and Polar nights 


The Midnight Sun—also known as polar day—refers to an extended period of daytime 
that lasts 24 hours a day.The Midnight Sun is a result of the Earth’s tilt.At the June 
solstice, the North Pole is pointed toward the Sun. No matter how much the Earth 
rotates, the Sun never appears to set, producing the phenomenon of the Midnight Sun. 
The South Pole, on the other hand, is in 24-hour darkness known as polar night.Thus in 
north pole Sun does not set for 6 months. Similarly, the Sun does not set in the Antarctic 
circle region during the winter solstice and at the South Pole, the Sun does not set for six 
months. 


summer solstice (June 21) 


N 2 polar day (6 months of day) 


Arctic Circle (66.5° N) 
24 hours of daylight 


/—— Tropic of Cancer (23.5° N) 
13.5 hours of daylight 


| Equator (0°) 
_—_ 12 hours of daylight 

Tropic of Capricorn (23.5° S) 
an 10.5 hours of daylight 


s Antarctic Circle (66.5° S) 
0 hours of daylight 


polar night (6 months of night) 


Figure 2.3: The reason for Midnight sun and Polar night. 
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Chapter 3 


The Sun 


3.1 Solar System 


Mars Venus 
Earth Mercury 


Neptune Uranus Sat Jupiter 
Tritor 40 ‘ fo 


Figure 3.1: The Sun’s, planets’, dwarf planets’ and moons’ size to scale, labelled. Distance 
of objects is not to scale. 


The Sun and its gravitationally bound system of objects revolving around it are known 
as Solar System. The main components of this system are eight planets, which include the 
four terrestrial giants namely, Mercury, Venus, Earth, and Mars, Two gas giants namely 
Jupiter and Sturn, and two gas giants Uranus and Neptune. The Solar system was formed 
460 crore years back by the gravitational collapse of a giant interstellar molecular cloud. 
There are a large number of dwarf planets and other small bodies that orbit the sun. 


3.2 The Sun 


Just like our planet, and most other celestial bodies, the Sun is divided into distinct layers. 
The critical difference is that the Sun is not solid, unlike Earth, so the layers are a bit 
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harder to determine. Because the Sun is mostly composed of helium and hydrogen and 
is not solid, it does not have an outer boundary that is clearly defined. 

However, we can determine the internal structure of the Sun, and it is made up of 
seven different layers. The layers of the Sun are divided into two larger groups, the 
outer and the inner layers. The outer layers are the Corona, the Transition Region, the 
Chromosphere, and the Photosphere, while the inner layers are the Core, the Radiative 
Zone, and the Convection Zone. 


Layers of the Sun 


Inner Layers 
The Earth in 


Core comparison 
15,000,000K with the sun 


Radiative zone 
7,000,000K 


Convection zone f a Prominence 
2,000,000K : y 


Outer Layers 


Photosphere 
(Visible from Earth) 
4000K - 6500K 


Chromosphere 
4000K - 8000K 


Transition region 
8000K - 500,000K 


i =) ~Coronal hole 
Corona 


500,000K - 1,000,000K Sun spots 


Figure 3.2: Different layers of the Sun. 


The Outer Layers 

There are four outer layers of the Sun, and the Corona is the outermost one. It 
starts at about 2100 km above the photosphere, and its temperature is measured to be 
around 500,000 K. It is impossible to see the Corona with the naked eye, but there is an 
exception. We are able to see it during a solar eclipse, or by using a special device called 
the coronagraph. There is no upper limit to the Corona. 

It is followed by the Transition region, which is an extremely narrow layer that divides 
the Chromosphere from the Corona. Its width is only 60 miles, which is incredibly small 
for a layer on a body as large as the Sun. This layer marks the spot where the temperatures 
rise tremendously since the Corona layer is much hotter than the Chromosphere.Here the 
temperature rises abruptly from about 8000 to about 500,000 K. 

The chromosphere is a layer in the Sun between about 400 km and 2100 km above 
the solar surface (the photosphere). The temperature in the chromosphere varies between 
about 4000 K at the bottom (the so-called temperature minimum) and 8000 K at the top, 
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so in this layer (and higher layers) it actually gets hotter if you go further away from the 
Sun. 

The photosphere is the deepest layer of the Sun that we can observe directly. It reaches 
from the surface visible at the center of the solar disk to about 250 miles (400 km) above 
that. The temperature in the photosphere varies between about 6500 K at the bottom 
and 4000 K at the top 


Inner Layers 

Convection zone: There are three inner layers of the Sun, and the Convection zone 
is the outermost one. It completely surrounds the next layer, the Radiative zone.In this 
layer, all of the hot material found near the center of the Sun rises cools down and drops 
back into the radiative zone to get more heat. This is the movement that creates sunspots 
and solar flares. This layer marks the border of what we usually refer to as the Sun. 

The radiative zone is the second inner layer of the Sun. It sits outside of the core, 
and it holds its extremely high temperature. The zone itself has a temperature of around 
7 million degrees Fahrenheit. This layer serves as a passage for all the energy that is 
released by the core. Photons travel through the radiative zone, and they can’t travel 
through long ranges of space, so it takes almost 50 million years for a photon to travel 
through this layer of the Sun. 

core, is the innermost layer of the Sun. The core is plasma, but its movement is ex- 
tremely similar to that of a gas. The temperature of the core of the Sun is around 27 
million degrees Fahrenheit. In the core, nuclear reactions occur that create helium from 
hydrogen atoms. This releases huge amounts of energy, and it starts to move outwards 
toward the other layers. This energy eventually becomes the light and heat we receive on 
Earth. 


Sun Spots 

Sunspots are areas that appear dark on the surface of the Sun. They appear dark 
because they are cooler than other parts of the Sun’s surface. The temperature of a 
sunspot is still very hot though—around 3900k. Sunspots relatively cool because they 
form at areas where magnetic fields are particularly strong. These magnetic fields are so 
strong that they keep some of the heat within the Sun from reaching the surface. 


Figure 3.3: The Sun spots, pic: NASA 
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3.3. Planets 


3.3.1 Mercury 


Mercury is the closest planet to the sun and also the smallest planet in the solar system. 
Mercury has no natural satellites. In mercury a year is half of a day, that is it takes only 
88 Earth days to revolve around the sun but takes 176 Earth days to revolve in its axis. 
In English, it is named after the Roman god Mercurius (Mercury), the god of commerce, 
communication, and the messenger of gods. Mercury is the most difficult planet to reach 
from Earth because it requires the greatest change in spacecraft’s velocity. Only two 
spacecraft have visited Mercury as of 2023: Mariner 10 flew by in 1974 and 1975, and 
MESSENGER launched in 2004 and orbited Mercury over 4,000 times in four years. Since 
mercury has no dense atmosphere the temperature changes considerably from —173° ¢ at 
night to 427° c at day time.With a radius of 2,440 kilometers, Mercury is a little more 
than 1/3 the width of Earth. Average distance to the Sun from mercury is 5.8 crore 
kilometers. 


Figure 3.4: The Mercury, pic:‘NASA 


3.3.2 Venus 


Venus is the second planet from the Sun and is Earth’s closest planetary neighbor. It 
is a terrestrial (or rocky) planet, and it’s often called Earth’s twin because it’s similar 
in size and density. Venus has a thick, toxic atmosphere filled with carbon dioxide and 
yellowish clouds of sulfuric acid.t’s the hottest planet in our solar system, with a surface 
temperature of 475°c -hot enough to melt lead. Venus has an average atmospheric pressure 
of 90 times the Earth’s atmospheric pressure. Venus rotates in the opposite direction of 
the Earth, which means on Venus sun rises in the west. Venus was the first planet to be 
explored by a spacecraft — NASA’s Mariner 2 in 1962. Since then, numerous spacecraft 
from the U.S. and other space agencies have explored Venus. Soviet spacecraft made the 
most successful landings on the surface of Venus to date, but they didn’t survive long due 
to the extreme heat and crushing pressure. Venus has no natural satellites. 


3.3.3 Mars 


Mars is the fourth planet from the Sun — a dusty, cold, desert world with a very thin 
atmosphere. It is 15.4 crore km away from the Sun. Mars takes 687 Earth days to make 
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a complete revolution around the Sun. It takes 24.6 hours to rotate on its axis. Mars 
was named by the ancient Romans for their god of war because its reddish color was 
reminiscent of blood. With a radius of 3,390 kilometers, Mars is about half the size 
of Earth. Mars has two natural satellites Phobos and Deimos. The reason Mars looks 
reddish is due to the oxidization — or rusting — of iron in the rocks, regolith (Martian 
“soil” ), and dust of Mars. Mars has a thin atmosphere made up mostly of carbon dioxide, 
nitrogen, and argon gases. The temperature on Mars can be as high as 20 degrees Celsius 
or as low as about -153 degrees Celsius.NASA currently has two rovers (Curiosity and 
Perseverance), one lander (InSight), and one helicopter (Ingenuity) exploring the surface 
of Mars.n May 2021, China became the second nation to ever land successfully on Mars 
when its Zhurong Mars rover touched down. 


Figure 3.5: The Zhurong probe sent by China on Mars 


3.3.4 Jupiter 


Fifth in line from the Sun, Jupiter is, by far, the largest planet in the solar system — 
more than twice as massive as all the other planets combined. Jupiter is about 77.8 crore 
kilometers or 5.2 Astronomical Units (AU) away from the Sun (Earth is one AU from the 
Sun).Jupiter rotates once about every 10 hours (a Jovian day), but takes about 12 Earth 
years to complete one orbit of the Sun (a Jovian year).Jupiter is a gas giant and so lacks 
an Earth-like surface. If it has a solid inner core, but its only about the size of the Earth. 
Jupiter’s atmosphere is made up mostly of hydrogen (H2) and helium (He).Jupiter has 
more than 75 natural satellites (moons).Nine spacecraft have visited Jupiter. Seven flew 
by and two have orbited the gas giant. Juno, the most recent, arrived at Jupiter in 2016. 
Jupiter’s Great Red Spot is a gigantic storm that’s about twice the size of Earth and has 
raged for over a century. 


3.3.5 Saturn 


Saturn is the sixth planet from the Sun and the second-largest planet in our solar sys- 
tem.with thousands of beautiful ringlets, Saturn is unique among the planets. It is not 
the only planet to have rings — made of chunks of ice and rock but also the most compli- 
cated planet.Like Jupiter, Saturn is a massive ball made mostly of hydrogen and helium. 
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Figure 3.6: The Jupiter, The Great Red Spot can be seen. 


Saturn takes about 10.7 hours to rotate on its axis and 29 Earth years to orbit the sun. 
Its 140 crore kms away from the Sun.Saturn has 53 known moons with an additional 
29 moons awaiting confirmation of their discovery — that is a total of 82 moons.Cassini 
space mission orbited Saturn 294 times from 2004 to 2017. 


Figure 3.7: The Saturn, image:NASA. 


3.3.6 Uranus 


Uranus is the seventh planet from the Sun.Uranus was discovered in 1781 by astronomer 
William Herschel, although he originally thought it was either a comet or a star.Uranus 
is about four times wider than Earth.Uranus orbits our Sun,at a distance of about 290 
crore kilometersUranus takes about 17 hours to rotate once (a Uranian day), and about 
84 Earth years to complete an orbit of the Sun.Uranus is an ice giant. Most of its mass 
is a hot, dense fluid of ”icy” materials — water, methane and ammonia — above a small 
rocky core. Uranus has an atmosphere made mostly of molecular hydrogen and atomic 


21 


helium, with a small amount of methane.Uranus has 27 known natural satellites.Like 
Venus, Uranus rotates east to west. 


Figure 3.8: Uranus image taken by Hubble telescope. 


3.3.7 Neptune 


Neptune is the eighth and most distant planet in our solar system. NASA’s Voyager 2 
is the only spacecraft to have visited Neptune up close. Neptune is about four times 
wider than Earth.Its about 480 crore kms away from the Sun. Most of its mass is a 
hot, dense fluid of ”icy” materials — water, methane and ammonia — above a small rocky 
core. Neptune’s atmosphere is made up mostly of molecular hydrogen, atomic helium and 
methane. Neptune has 14 known natural satellites. 


Figure 3.9: Neptune. 


3.4 Comets 


A comet is an icy body that warms and begins to release gases when passing close to the 
Sun, The coma is the nebulous envelope around the nucleus of a comet, formed when 
the comet passes close to the Sun on its highly elliptical orbit; as the comet warms, parts 
of it sublimate. This gives a comet a ” fuzzy” appearance when viewed and distinguishes 
it from stars. The word coma comes from the Greek ”kome”, which means “hair” and 
is the origin of the word comet itself. Comet nuclei range from a few hundred meters 
to tens of kilometers across and are composed of loose collections of ice, dust, and small 
rocky particles. The coma may be up to 15 times Earth’s diameter, while the tail may 
stretch beyond one astronomical unit(15 crore km). Comets usually have highly eccentric 
elliptical orbits, and they have a wide range of orbital periods, ranging from several years 
to potentially several millions of years. Short-period comets originate in the Kuiper belt 
and Long-period comets are thought to originate in the Oort cloud. The most famous 
comet is Halley’s comet which has a mass of 3X 10'4kg and a period of 76 years. 


Figure 3.10: Halleys comet was visible from Earth in 1986, and will be visible again in 
2062. 


3.5 Asteroids 


Asteroids, sometimes called minor planets, are rocky, airless remnants left over from the 
early formation of our solar system about 4.6 billion years ago.An asteroids is neither a 
true planet nor a comet,but they orbits within the inner Solar System. They are rocky, 
metallic or icy bodies with no atmosphere. Sizes and shapes of asteroids vary significantly, 
ranging from 1-meter rocks to a dwarf planet almost 1000 km in diameter. Most of the 
Asteroids are located between the orbits of Mars and Jupiter. 


3.6 Meteoroids 


A meteoroid is a small rocky or metallic body in outer space. Meteoroids are distinguished 
as objects significantly smaller than asteroids, ranging in size from grains to objects up 
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to a meter wide.Almost all meteoroids contain extraterrestrial nickel and iron. 

A meteor or shooting star is the visible passage of a meteoroid, comet, or asteroid 
entering Earth’s atmosphere. If meteoroids survive the entry through the atmosphere 
and reach Earth’s surface, they are called meteorites. 


Figure 3.11: Meteor Crater in Arizona. Note vehicles in parking lot for scale. Credit: 
USGS 
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Chapter 4 


Stars 


Sun is the nearest star to us, but even that is about 150,000,000 km away. The next 
nearest star is Proxima Centauri and is about 40,208,000,000,000 km away, and most of 
the stars are much more away from us. So as you can see we cannot express the distance 
in familiar units like kilometers or miles. So to express the astronomical distances we use 
different units. 

Astronomical Unit(AU): It is the distance from Sun to Earth. That is almost 
equals 150,000,000 km (15 crore kms). So 1 AU = 15 crore kms. As u can see Proxima 
Centauri is 268,770 AU away from us. But even the AU is a small scale as compared to 
stellar distances, so AU is mostly used to express the distances within the solar system. 
Hence we use another unit called LightYear to measure large distances. 

Light Year: As you know light travels with a velocity 3X108m/s through free space. 
A light year is the distance travelled by a light ray in an Earth year. That is 


365.X24X60X60X3X10°8m = 9.5X10m 


Even though thats a huge distance in kilometers, its the range in which stellar objects are 
situated. 

Parsec PC:The term parsec is a combination of “parallax” and ”arcsecond”. 
If you hold your finger in front of your face 


and close one eye and look with the other, then Distant stars 

switch eyes, you'll see your finger seem to ” shift eS 

” with respect to more distant objects behind Apparent parallax 
it. This is because your eyes are separated from < TEMPT ALES Beal 
each other by a few inches - so each eye sees parallec ange, 
the finger in front of you from a slightly dif- Near starg x 


ferent angle. The amount your finger seems to 
shift is called its ” parallax”. Astronomers can 
measure parallax by measuring the position of a 
nearby star very carefully with respect to more 
distant stars behind it, then measuring those 
positions again six months later when the Earth 
is on the opposite side of its orbit. If the star is — a 

close enough to us, a measurable parallax will 

be seen: the position of the star relative to the Earth's motion around Sun 

more distant background stars will have shifted. 

The shift is tiny - less than an arcsecond even for the nearest star. (An arcsecond is 1/60 
of an arcminute, which is 1/60 of a degree.) Suppose the star makes a parallax of larcsec, 


1 Parsec 
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then the star is at a distance of lparsec.(see figure). 1 parsec is approximately equal to 
3.26 light-years or 206,265 astronomical units (au), i.e. 30.9 trillion kilometres. 


4.1 Stellar Magnitude 


Light is the main signal we get from space. It is therefore important to be able to measure 
the brightness of stars and galaxies. If we can quantify how bright an object is, we can 
compare it with other objects. It also lets us work out whether the brightness of an 
object changes over time.The magnitude of an astronomical object is simply a measure 
of its brightness. The magnitude unit of measurement is unusual. The lower (or more 
negative) the value, the brighter the object is. 

Magnitude values do not have a unit. The scale is logarithmic and defined such that 
a magnitude 1 star is exactly 100 times brighter than a magnitude 6 star. Thus each step 
of one magnitude is V/100 = 2.512 brighter than the magnitude 1 star.The brighter an 
object appears, the lower the value of its magnitude, with the brightest objects reaching 
negative values. 

The Sun has an magnitude(m) of —27 and Sirius, the brightest visible star in the 
night sky, —1.46. Venus at its brightest is —5. The International Space Station (ISS) 
sometimes reaches a magnitude of —6. But there is a problem in this apparent magnitude 
calculation, we know the brightness of a star depends not only on its size but also on how 
distant it is. So this apparent brightness calculation does not give a real picture of the 
brightness and sizes of the star, for such a comparison we need to place all the stars at 
same distance and compare their brightness, this is what we do in ’absolute magnitude’ 
calculation. The absolute magnitude (M) is how bright the object would be if it was 
a set distance 10 parsec from the Earth. 


4.2 Stellar Classification 


Stars are classified in different ways. One of the classifications is based on their tempera- 
ture which can be measured from their spectral analysis. Historically stars are classifies as 
‘O,B,A,F,G,K and M’ in the order of decreasing temperature. (An easier way to remember 
this is ‘Oh Be A fine Girl and Kiss Me’). 

O-class stars are the hottest stars with surface temperatures that range from approxi- 
mately 30,000 degrees Kelvin and higher. These stars are blue and are very bright. Even 
though O-class stars are very young, there are not many of them compared to other stars 
in our universe. Their life cycles are usually shorter than other stars. This is because 
of the intensity of their heat and the immense amount of mass they have.B-class stars 
have surface temperatures that range from approximately 20,000 to 30,000 degrees Kelvin. 
These stars are blue-white and very bright. Like O-class stars, these stars are young and 
rare in our universe. A-class stars have surface temperatures ranging from 10,000 to 20,000 
degrees Kelvin and are white. They are relatively young and make up less than 1% of stars 
in the universe.F-class stars have surface temperatures ranging from approximately 7,000 
to 10,000 degrees Kelvin. They are whitish-yellow, are relatively bright.F-class stars have 
surface temperatures ranging from approximately 7,000 to 10,000 degrees Kelvin. They 
are whitish-yellow, are relatively bright.K-class stars have a surface temperature that is 
less than our Sun but that does not mean they are cold. With an average range of about 
5,000 to 6,000 degrees Kelvin, these orange-colored stars do not shine as brightly as the 
others. These stars are relatively old in their life cycles.M-class stars are the coolest stars 
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having surface temperatures less than 5,000 degrees Kelvin. They are large red stars and 
are often called red giants. These stars are old and are nearing the end of their lifecycle. 
Even though they are not very bright, they can still be seen as twinkling red dots in 
the night sky. Making up approximately 75% of the stars, M-class stars are the most 
abundantly found type of star in our universe. 

A star can be classifies by its size too. According to the size of the stars they are 
classified as Super Giants, Bright Giants, Giants, Sub Giants, Dwarfs, Sub Dwarfs and 
White Dwarfs. 

supergiant stars are enormous and contain an immense amount of mass. To put that in 
perspective, more than 10 lakh of our Earths could fit into our sun, and the mass of these 
supergiants can range anywhere between 10 to 70 times more than our sun. They can be 
found at opposite ends of the spectral classification system belonging to the blue O and B- 
class stars or red-orange K and M-class stars. Blue supergiants have temperature ranges 
from 10,000 degrees Kelvin to over 50,000 degrees Kelvin. Red-orange supergiants have 
lower temperatures ranging from around 3,500 to 5,000 degrees Kelvin. These massive 
stars burn through their energy so much quicker than other types of stars. As a result, 
supergiants have relatively short life-spans, ranging from 10 million to 50 million years. 
These stars are not as abundantly dispersed in our universe because of their short life 
spans. 

Giant stars are not as big as supergiants, but they are still huge. They are similar 
to supergiant stars in life span and size, depending on where they fall in their spectral 
classification. Like supergiants, they have short life spans due to how quickly they burn 
through their helium layers, and their masses can range up to 70 times more than our 
sun. 

All the stars having a mass less than five solar mass are classifies as dwarfs.When 
dwarf stars reach the end of their hydrogen fuel, they go through a red giant stage, by 
ballooning up to enormous sizes, and throwing off their outer envelopes of gas into space. 
After the outer layers of the star are blown off, what remains of the core collapses into a 
compact, hot object called a white dwarf, that is roughly the size of the Earth.Can stars 
form with masses less than 0.08 solar mass? There is nothing preventing such an object 
from forming. However, it would technically not be a star: the core of such a low-mass 
brown dwarf would be too cool for hydrogen fusion to take place. Brown dwarfs wouldn’t 
shine as brightly as normal stars because of this lack of hydrogen fusion. They are very 
difficult to detect because they are so small and dim. 


4.3 Birth ofa Star 


Stars are born within the clouds of dust and scattered throughout most galaxies. A 
familiar example of such as a dust cloud is the Orion Nebula. Turbulence deep within 
these clouds gives rise to knots with sufficient mass that the gas and dust can begin to 
collapse under its own gravitational attraction. As the cloud collapses, the material at 
the center begins to heat up. Known as a protostar, it is this hot core at the heart of the 
collapsing cloud that will one day become a star. 

As the cloud collapses, a dense, hot core forms and begins gathering dust and gas. Not 
all of this material ends up as part of a star — the remaining dust can become planets, 
asteroids, or comets or may remain as dust. 

A star the size of our Sun requires about 50 million years to mature from the beginning 
of the collapse to adulthood. Our Sun will stay in this mature phase for approximately 
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10 billion years. 

Stars are fueled by the nuclear fusion of hydrogen to form helium deep in their interiors. 
The outflow of energy from the central regions of the star provides the pressure necessary 
to keep the star from collapsing under its own weight, and the energy by which it shines. 


Figure 4.1: The Orion Nebula is one of the most famous star-forming regions, bright 
enough to be visible without a telescope. This image from NASA’s Hubble Space Tele- 
scope shows how newborn stars sculpt the gas and dust around them. 


4.4 Death of Stars 


When a star has fused all the hydrogen in its core, nuclear reactions cease. Deprived of 
the energy production needed to support it, the core begins to collapse into itself and 
becomes much hotter. Hydrogen is still available outside the core, so hydrogen fusion 
continues in a shell surrounding the core. The increasingly hot core also pushes the outer 
layers of the star outward, causing them to expand and cool, transforming the star into a 
red giant. 

If the star is sufficiently massive, the collapsing core may become hot enough to support 
more exotic nuclear reactions that consume helium and produce a variety of heavier 
elements up to iron. However, such reactions offer only a temporary reprieve. Gradually, 
the star’s internal nuclear fires become increasingly unstable - sometimes burning furiously, 
other times dying down. These variations cause the star to pulsate and throw off its outer 
layers, enshrouding itself in a cocoon of gas and dust. What happens next depends on 
the size of the core. 

Average Stars Become White Dwarfs For average stars like the Sun, the process 
of ejecting its outer layers continues until the stellar core is exposed. This dead, but still 
ferociously hot stellar cinder is called a White Dwarf. White dwarfs, which are roughly 
the size of our Earth despite containing the mass of a star. Pressure from fast moving 
electrons keeps these stars from collapsing. The more massive the core, the denser the 
white dwarf that is formed. Thus, the smaller a white dwarf is in diameter, the larger 
it is in mass! These paradoxical stars are very common - our own Sun will be a white 
dwarf billions of years from now. White dwarfs are intrinsically very faint because they 
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are so small and, lacking a source of energy production, they fade into oblivion as they 
gradually cool down. This fate awaits only those stars with a mass up to about 1.4 times 
the mass of our Sun. Above that mass, electron pressure cannot support the core against 
further collapse. Such stars suffer a different fate. 


White Dwarfs May Become Novae 

If a white dwarf forms in a binary or multiple star system, it may experience a more 
eventful demise as a nova. Nova is Latin for ”new” - novae were once thought to be new 
stars. Today, we understand that they are in fact, very old stars - white dwarfs. If a white 
dwarf is close enough to a companion star, its gravity may drag matter - mostly hydrogen 
- from the outer layers of that star onto itself, building up its surface layer. When enough 
hydrogen has accumulated on the surface, a burst of nuclear fusion occurs, causing the 
white dwarf to brighten substantially and expel the remaining material. Within a few 
days, the glow subsides and the cycle starts again. Sometimes, particularly massive white 
dwarfs (those near the 1.4 solar mass limit mentioned above) may accrete so much mass 
in the manner that they collapse and explode completely, becoming what is known as a 
supernova. 

stars over eight solar masses are destined to die in a titanic explosion called a super- 
nova. A supernova is not merely a bigger nova. In a nova, only the star’s surface explodes. 
In a supernova, the star’s core collapses and then explodes. In massive stars, a complex 
series of nuclear reactions leads to the production of iron in the core. Having achieved 
iron, the star has wrung all the energy it can out of nuclear fusion - fusion reactions that 
form elements heavier than iron actually consume energy rather than produce it. The 
star no longer has any way to support its own mass, and the iron core collapses. In just 
a matter of seconds the core shrinks from roughly 5000 miles across to just a dozen, and 
the temperature spikes 100 billion degrees or more. The outer layers of the star initially 
begin to collapse along with the core, but rebound with the enormous release of energy 
and are thrown violently outward. Supernovae release an almost unimaginable amount 
of energy. For a period of days to weeks, a supernova may outshine an entire galaxy. 
Likewise, all the naturally occurring elements and a rich array of subatomic particles are 
produced in these explosions. On average, a supernova explosion occurs about once every 
hundred years in the typical galaxy. About 25 to 50 supernovae are discovered each year 
in other galaxies, but most are too far away to be seen without a telescope. 

Neutron Stars 

If the collapsing stellar core at the center of a supernova contains between about 1.4 
and 3 solar masses, the collapse continues until electrons and protons combine to form 
neutrons, producing a neutron star. Neutron stars are incredibly dense - similar to the 
density of an atomic nucleus. Because it contains so much mass packed into such a small 
volume, the gravitation at the surface of a neutron star is immense. 

Black Holes 

If the collapsed stellar core is larger than three solar masses, it collapses completely to 
form a black hole: an infinitely dense object whose gravity is so strong that nothing can 
escape its immediate proximity, not even light. Since photons are what our instruments 
are designed to see, black holes can only be detected indirectly. Indirect observations 
are possible because the gravitational field of a black hole is so powerful that any nearby 
material - often the outer layers of a companion star - is caught up and dragged in. 


Chandrashekhar Limit:The Chandrasekhar Limit of 1.4 solar masses, is the theo- 
retical maximum mass a white dwarf star can have and still remain a white dwarf. Above 
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this mass, electron degeneracy pressure is not enough to prevent gravity from collapsing 
the star further into a neutron star or black hole. 


4.5 Expanding Universe 


When a light emitting object like a star recedes from an observer the light it emits get 
shifted to to increased frequency, ie; red side of the spectrum. This is called red shift 
in physics.In 1929 Edwin Hubble, working at the Carnegie Observatories in Pasadena, 
California, measured the redshifts of a number of distant galaxies. He also measured 
their relative distances by measuring the apparent brightness of a class of variable stars 
called Cepheids in each galaxy. When he plotted redshift against relative distance, he 
found that the redshift of distant galaxies increased as a linear function of their distance. 
The only explanation for this observation is that the universe was expanding. 

Once scientists understood that the universe was expanding, they immediately realized 
that it would have been smaller in the past. At some point in the past, the entire universe 
would have been a single point. This point, later called the big bang, was the beginning 
of the universe as we understand it today. 

The Big Bang hypothesis states that all of the current and past matter in the Universe 
came into existence at the same time, roughly 13.8 billion years ago. At this time, all 
matter was compacted into a very small ball with infinite density and intense heat called 
a Singularity. Suddenly, the Singularity began expanding, and the universe as we know 
it began. 
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Figure 4.2: The timeline of the evolution of our universe. 
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